Introduction
Diabetic retinopathy (DR), a serious complication of type II diabetic mellitus (T2D) with progressively retinal degeneration, ranks as the second leading cause of blindness, contributing to an overall 4.8% blindness globally. 1 Although the pathogenesis of DR is not yet completely elucidated, it is widely considered that environmental and genetic factors are associated with DR incidence and progression. [2] [3] [4] [5] [6] Particularly, some candidate genes related with inflammation and agiogenesis, such as VEGF, erythropoietin (EPO), and cytokines, are screened by genome-wide analysis and become major causative mechanisms. Therefore, intravitreal injection of anti-vascular endothelial growth factor (anti-VEGF) has been applied clinically. This specific therapy mitigates the severity of microvascular complications such as retinal angiogenesis and diabetic macular edema (DME). 7, 8 The major weakness of this therapy accounts for the reduplicating and invasive intravitreal injection procedure, which carries potential risk of inflammation to patients. 9 It is urgent and clinically demanding to emerge novel therapeutic approaches applied to DR complications.
CXC motif chemokine ligand 8 (IL-8) and interferon gamma-induced protein 10 (IP-10) are members of CXC chemokines family. [10] [11] [12] [13] IL-8 is produced by numerous cell types, such as macrophages, epithelial and endothelial cells, in response to inflammatory stimulus. It exhibits a potent chemotactic activity during inflammatory process. 14 Particularly, IL-8 enhances inflammation and stimulates angiogenesis by binding its receptor and inducing downstream signaling. [10] [11] [12] Elevated production of IL-8 has been found in retina plasma and vitreous fluids of DR, and it may contribute to drive the progression of proliferative diabetic retinopathy (PDR). 15 Some related evidence in the field has also shown that IL-8 has important roles in the pathogenesis of cancer, including angiogenesis, tumor growth, and metastasis. [16] [17] [18] [19] Therefore, the screening of IL-8 as biomarker is becoming a promising aim for better understanding the pathophysiology of DR. The antimicrobial gene IP-10 will bind its receptor upon microbial invasion. 13 As the consequence, it initiates and stimulates the infiltration of monocytes, natural killer and T-cell against infection. It is reported that IP-10 may inhibit angiogenesis in vivo, at least partially by antagonizing the function of IL-8. [20] [21] [22] IL-8 and IP-10 are candidate biomarker genes for several complex diseases, including T2D, rheumatoid arthritis and renal failure. 23, 24 It was shown that polymorphisms of IL-8-251T/A and IP-10-1596C/T were associated with age-related macular degeneration (AMD) both in vivo and in vitro. [25] [26] [27] [28] Up to date, it still demands more clinical evidence for identifying biomarkers, such as IL-8 and IP-10, and evaluating the correlation of biomarkers with the susceptibility and progression of DR. Our study is to identify susceptible or beneficial single nucleotide polymorphisms (SNPs) involved in DR.
We had previously found that monocyte chemoattractant protein-1 (MCP-1) 2518G/G genotype was a susceptibility gene for DR in Chinese type 2 diabetic patients, especially the high-risk PDR. 29 In order to expand current clinical evidence on biomarker screening, we further investigated the significance of IL-8 (-251T/A) and IP-10(-1596C/T) SNPs in type 2 diabetic retinopathy (T2DR) in northern Chinese population.
Materials and methods

Patient recruitment and sample collection
The criteria for inclusion and exclusion of participants were described in the previous study. 29 Briefly A total of 1043 eligible subjects were assigned into: with diabetic retinopathy group (DR group, 528 cases) and without retinopathy group (DNR group, 515 cases) according to the criteria as the following. Briefly, all participants were subjected to detailed investigation of family health history, blood urea, glycosylated hemoglobin, smoking and alcohol consumption hobbies, BMI and blood pressure. 3 ml blood was collected from each subject for SNP study. All patients underwent ophthalmic examination, including best-corrected visual acuity, intraocular pressure, slit lamp, and fundus examination in the Department of Ophthalmology, Harbin Medical University. Age, gender, and ethnicity were matched in the two groups. Detailed medical and ophthalmologic histories of each patient were recorded. Further examination like fundus fluorescein angiography (FFA) and optical coherence tomography (OCT) were conducted in patients whose retinopathy (microaneurysm, hemorrhage) were found. FFA was used to grade the severity of DR in a masked manner by ophthalmologists. 29 OCT was used to evaluate retinal function. According to the modified Early Treatment of Diabetic Retinopathy Study Airlie House classification, DR group was graded and assigned to the following subgroups: mild non-proliferative diabetic retinopathy (NPDR), moderate NPDR, severe NPDR, and proliferative diabetic retinopathy (PDR). 30 Among the DR patients, there were 76 mild NPDR patients, 79 moderate NPDR patients, 96 severe NPDR patients, and 277 PDR patients (including 169 high-risk PDR). All the DR patients were categorized into three groups according to the central macular thickness (mild ≤ 250 μm; 250 μmomoderate o350 μm; severe ≥ 350 μm). The examination of right eye was eligible to evaluate the severity of DR or diabetic macular edema (DME) for grouping. We have proven that there was no statistical significant difference between the left and right eye. 29 Macular thickness was examined using OCT. Certain endstages of retinopathy were excluded, such as Pan-Retinal Photocoagulation (PRP), atrophy of eyeball, epimacular membrane, age-related macular degeneration (AMD).
Genotyping
Peripheral leukocytes were isolated from EDTA-treated whole blood obtained from each subject, and genomic DNA was extracted with QIAamp DNA Mini Blood Kit (Qiagen, Hilden, Germany) for polymerase chain reaction (PCR) amplification of IL-8 and IP-10. DNA samples were collected in a 1.5 ml nuclease-free Eppendorf tube and stored at − 20°C until use.
The SNPs were detected by using an automated ABI PRISM 3730 DNA analyzer (Thermo Fisher Scientific, Grand Island, NY, USA). PCR was used to amplify the primer. For IL-8(-251A/T), the forward primer 5′GGCAAACCTGAGTCATCACA3′ and reverse primer 5′GGCTGGCTTATCTTCACCAT3′ were used to amplify a 306 bp fragment in a final PCR mixture of 20 μl containing 100 ng of genomic DNA and 12.5 pmol of each primer. For IP-10 (-1596C/T), the forward primer 5′GCCTTGGTACAGCACATCAG3′ and reverse primer 5′GCCAAGTCCTGCTCATCCT3′ were used to amplify a 539 bp fragment. The cycling parameters were initial denaturation at 95°C for 2 min, followed by 30 cycles of denaturation at 95°C for 20 s, annealing at 57°C for 30 s and elongation at 72°C for 40 s, and a final extension at 72°C for 5 min.
Statistical analysis
All statistical analysis was performed with SPSS version 12.0 (SPSS Inc., Chicago, IL, USA). Χ 2 was used to test the allelic and genotypic associations of the SNP, and HardyWeinberg equilibrium of the SNPs was also applied using a Χ 2 test. Odds ratio, relative risk were also calculated using the same programs. Multivariate analysis and multiple logistic regression analysis were conducted to evaluate the association of genotypes with DR. Statistical significance was established at Po0.05. Unpaired Student's t-test was used to compare the difference between the two groups. P-valueo0.05 was considered significant.
Results
The clinical lab examination did not show any difference in the study subjects between DR and DNR groups (Table 1) . DR group displayed a significantly higher frequency of both IL-8-251 AA (OR: 2.286, 95% CI: 1.382-3.782, P = 0.001) and the allele of IL-8-251 A (OR: 0.660, 95% CI: 0.542-0.804, Po0.001) in comparison with DNR (Table 2A) (Table 2B) . Reversely, the data in Table 3A showed that the frequency of IP- Table 3B ) had a dramatically higher frequency in NPDR compared with PDR when stratified by the grade of DR. No association was found between the polymorphism of two genes, IL-8-251T/A and IP-10-1596C/T, and the susceptibility of DME (P40.05) (Table 4A ). To determine whether the association of IL-8 with DR was independent of IP-10 and clinical conditions, multiple logistic regression analyses (Table 4B) were conducted and revealed that these two genetic factors remained significant (Po0.05) when conditioning on each other and main clinical complications. It demonstrates the independent effects of IL-8(-251) or IP-10(-1596) in DR development.
Discussion
DR is a life-quality-threatened complications at late stage of T2D. Our study is aimed at finding DR-related genes and ideally foreseeing DR vulnerability and progression. Ocular inflammation and neovascularization are critical 
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Eye mechanisms of DR because inflammatory cytokines are found increased in the diabetic retina. [31] [32] [33] [34] [35] [36] IL-8, a member of chemotactic cytokines, is produced by activated inflammatory cells, such as neutrophils and monocytes/ microphages. [10] [11] [12] Elevated level of IL-8 has the essential role in initiating and strengthening inflammatory cascade. 6 However, IP-10, a poor neutrophil chemoattractant and activator, may exert a inhibiting inflammation function. 13 It shows that IP-10 prevents IL-8-induced neovascularization in a corneal pocket model of angiogenesis and inhibits IL-8-induced endothelial chemotaxis. 21, 22 The relationship between inflammation cytokines and DR progression is further established. 37 Elner et al, 15 previously found significantly elevated level of vitreous IL-8 in patients with PDR. And they identified IL-8 as an angiogenic stimulant that may be produced by resident cells within the eyes. 38 Recently, a study in the field finds that glycated serum proteins may enhance IL-8 production. 39 It suggests the essential role of IL-8 in mediating DR progression. It is rational to Association of IL-8(-251T/A) and IP-10(-1596C/T) with diabetic retinopathy L Dong et al frame our current study, which is aimed at addressing the relationship of IL-8 gene and DR susceptibility and progression. We find that both allele and SNP of IL-8-251AA are strongly associated with susceptibility of DR and correlated with progression of high-risk PDR. Our finding suggests that IL-8 is not only a DR-related biomarker but also a critical player in mediating and driving DR progression. Anti-IL-8 may become a promising target for developing novel therapeutic approach for DR and a sensitive DR-related gene marker for prognosis prediction. Although good glycemic control is considered to be a mainstay in preventing vision loss caused by DR, some cases with inadequate glycemic control are surprisingly exempted from developing DR. 40, 41 It suggests that genetic variation and predisposition may contribute to the variable progression and distinct prognosis to DR among T2D patients. We find that T allele of IP-10(-1596C/T) is protective factor to DR, supplies a genetic evidence for assessing the risk of DR. However, the finding that SNPs of IP-10(-1596) did not show any significant difference between NPDR and PDR groups implies the unique role of IP-10 as protective biomarker for DR. It suggests that IP-10(-1596C/T) is a promising biomarker but may not be a dominant player in determining DR progression. Our findings shed the lights on genetic susceptibility biomarkers screening, and IP-10 may also become a promising therapeutic target.
One of the limitations of our study is lacking the laboratory quantitation on animal model to further clarify current observation. In addition, an increased sample-size and long-term follow-up study would be necessary to confirm the association between these polymorphisms and DR. We expect to expand our observations about the IL-8 and IP-10 from other ethnic populations, which may help to further interpret the roles of these polymorphisms of IL-8 and IP-10 in mediating the progression of DR.
In conclusion, we examine the polymorphisms of IL-8-251T/A and IP-10-1596C/T in T2DR patients of northern China and find that that the IL-8-251 AA genotype and A allele were at a higher frequency for DR compared with DNR. However, T allele of IP-10-1596C/T had a lower Multiple logistic regression analyses were conducted and showed that independent effects of these SNPs in DR susceptibility remained significant (Po0.05) when conditioning on each other and main clinical features.
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